The frequency of the dominant RN − allele (Rendement Napole) was estimated in purebred Swedish Hampshire pigs ( n = 208) by using the estimated glycogen content in the longissimus muscle at slaughter (glycolytic potential; GP). Carriers ( n = 177) and noncarriers ( n = 31) of the RN − allele were compared with purebred Swedish Yorkshire (Y, n = 208) and Swedish Landrace (L, n = 114) pigs with respect to GP and carcass composition. Technological meat quality was compared between the RN phenotypes from the Hampshire breed and Yorkshire pigs. The distribution of GP deviated from a normal distribution in all three breeds. Hampshire pigs with GP ≥ 183 mmol lactate equivalents per gram wet weight were regarded as carriers of the RN − allele (RN − /RN − , or RN − /rn + ) , and those constituted 85% of all Hampshire pigs evaluated, giving a frequency of .61 for the dominant allele (RN − ) . The RN − carriers had higher GP than noncarriers, Landrace, and Yorkshire pigs, but noncarriers and Landrace did not differ regarding GP. The two RN phenotypes did not differ in carcass composition, but the carriers were leaner than Landrace and Yorkshire, with larger proportions of meat plus bone in ham and back. Noncarriers and Yorkshire did not differ in leanness, but both these groups were leaner than Landrace. The RN − carriers had lower Napole yield (cured cooked muscle) and higher drip loss than noncarriers and Yorkshire, but in comparison with noncarriers they also had lower shear force values. In conclusion, the frequency of the RN − allele is high in purebred Swedish Hampshire. Most of the effects of the allele on technological meat quality (i.e., ultimate pH, waterholding capacity, and technological yield) found in crossbred pigs seem also to be consistent for purebred pigs. However, the RN − allele exerted less influence on meat content in purebred pigs.
Introduction
Meat quality is affected by environmental and genetic factors. The halothane gene was previously the only major gene known to affect the quality of pork, by causing stress susceptibility in live pigs and poorer meat quality after slaughter. Another major gene affecting meat quality, the RN gene, was identified in two French composite lines including Hampshire genes (Naveau, 1986; Le Roy et al., 1990) . Pigs carrying the dominant allele (RN − ) have a higher content of muscle glycogen, lower ultimate pH in glycolytic muscles Fernandez et al., 1992) , and lower muscle protein concentration (Estrade et al., 1993; Enfä lt et al., 1997) . These differences lead to lower yield, especially in cured, cooked ham Fernandez et al., 1991) . Fresh meat from RN − carriers also has a lower water-holding capacity and higher internal reflectance values Enfä lt et al., 1997) , but RN − carriers have a higher lean meat content in the carcass (Le Roy et al., 1995; Enfä lt et al., 1997) .
Approximately 70% of all slaughter pigs raised in Sweden are from Landrace × Yorkshire sows and Hampshire terminal sires. The purpose of this investigation was to estimate the frequency of the RN − allele in purebred Swedish Hampshire pigs and to compare 
Materials and Methods

Animals
The animals used in this study were purebred intact male and female Swedish Hampshire ( n = 208), Swedish Yorkshire ( n = 208), and Swedish Landrace ( n = 114) pigs from the Swedish pig progeny testing scheme. The pigs were raised in pens holding two pigs from the same litter (one of each sex) and restrictively fed a feed containing 12.6 MJ and 9.6 g lysine/ kg. The daily feed allowances in MJ of metabolizable energy were 17.6, 18.9, 21.4, 22.7, 25.2, 27.7, 30.2, 32.8, and 35.3 at 25, 28, 33, 37, 42, 47, 53, 60 , and 68 kg live weight, respectively, and thereafter to slaughter. The pigs were sent to slaughter when the mean weight of the pen was 102.5 kg, or the heavier one weighed 115 kg, and they were slaughtered at two commercial slaughterhouses using CO 2 stunning.
Carcass Assessment
The carcasses were assessed 48 h postmortem, according to the customary procedure in the Swedish pig progeny testing scheme (Andersson, 1980) . The right half of each carcass was cut into primary cuts and further to defatted ham and back. From some of the Hampshire and Yorkshire carcasses, the defatted back and ham were dissected into the following muscles: longissimus ( LD) , biceps femoris ( BF) , semimembranosus et adductor ( SMA) , gluteus ( GLU) , semitendinosus ( ST) , and quadriceps femoris ( QF) . An estimation of the lean meat content was made by applying the equation used in the pig progeny testing scheme for the three breeds studied . The equation was as follows, and intercept and b-values for the different breeds are shown in Table 1: Lean meat, % = intercept + b 1 ( % ham in carcass) + b 2 ( % meat and bone in ham) + b 3 ( % meat and bone in back) + b 4 (length of carcass) − b 5 sex (male = 1, female = 0).
Sidefat thickness was measured according to Enfä lt et al. (1997) , and carcass length was measured between the bottom of the atlas vertebra and the anterior edge of os pubis.
Technological Meat Quality Measurements
At jointing, the various technological meat quality measurements were made for the Hampshire and Yorkshire pigs, in the longissimus muscle, at the last rib, in the central part of the SMA, BF, and GLU, in the rectus part of QF, and in the light and dark parts of ST ( STL and STD, respectively). Meat color was measured as surface reflectance from a cross-section of the LD muscle, using an EEL reflectance spectrophotometer (Diffusion Systems Ltd, London, U.K.) equipped with three filters: 400 to 700 nm ( EEL-Y) , 550 nm ( EEL-550) , and 680 nm ( EEL-680) . Internal reflectance was registered in all the dissected muscles using the Fibre Optic Probe ( FOP; 900 nm; TBL Fibre Optics Group Ltd, Leeds, U.K.). Water-holding capacity in the longissimus muscle was measured as drip loss from slices stored flat for 4 d (Barton-Gade et al., 1994) and as filter paper wetness (Kauffmann et al., 1986) . The latter method is subjective and the scores ranged from 0 to 5; 0 denotes a dry filter paper and 5 denotes saturated. Ultimate pH ( pH u ) was measured in all the dissected muscles with a Mettler Delta 340 pH-meter equipped with a Xerolyte ® electrode. Samples for chemical analysis were taken at jointing and stored at −20°C until analysis. Shear force measurements were made with the Warner Bratzler apparatus on muscles aged for 4 d before freezing, according to Lundström et al. (1996) .
The Napole yield was determined on longissimus muscle according to Naveau et al. (1985) . The muscle sample (100 g ) was cut into 1-cm 3 pieces, cured at 4°C in a 100-mL, preweighed beaker with 20 mL of a 13.6% NaCl solution (wt/vol) with nitrite (.6% nitrite [wt/wt] in the NaCl) for 24 h, before boiling for 10 min. The brine was then decanted by placing the beakers inclined in a plastic box for 90 min, after which the beakers were reweighed. The Napole yield was calculated as follows:
where a = weight of fresh muscle, (grams) and b = weight cured cooked muscle, (grams). The pH u and glycolytic potential in the longissimus muscle were measured in all samples from the three breeds. Glycolytic potential ( GP) was determined according to Monin and Sellier (1985) , as follows:
and is expressed as micromoles of lactate equivalents per gram of muscle, wet weight. The chemical analyses were performed as described by Talmant et al. (1989) and included two separate analyses: one for lactate and the other for the sum of glycogen, glucose, and glucose-6-phosphate. The sum of the latter will be referred to as residual glycogen and is expressed as micromoles of glucose equivalents per gram of muscle, wet weight.
Statistical Analyses
All calculations were performed using SAS (1995). The GLM procedure was used for the comparison of breeds (Landrace and Yorkshire) and RN phenotypes within Hampshire. The term RN phenotype/breed will be used for these four groups of animals. The statistical model used for carcass traits included the fixed effects of sex and RN phenotype/breed (Model 1). The weight of the cut side of the carcass was used as covariate, when significant. The interaction between sex and RN phenotype/breed was included in all models, when significant.
where y ijk = ijk th observation, m = general mean, b i = effect of the i th RN phenotype/breed ( i = 1,2,3,4), s j = effect of the j th sex ( j = 1,2), ( b s ) ij = effect of interaction between i th RN phenotype/breed and j th sex, b = regression on carcass weight, x ijk = carcass weight of the ijk th individual, and e ijk = residual random term with variance and mean zero. s e 2 To compensate for environmental effects, the fixed effect of day of slaughter was included in the model for the technological quality traits (Model 2), which were measured on animals slaughtered at the same slaughterhouse. An analysis with pH u included as a covariate was also made. To ensure normal technological quality of the animals analyzed, those regarded as extreme DFD were excluded from the analysis of the technological quality traits (DFD = pH u > mean + 3 times SD within each breed), which excluded two, five, and two animals within Hampshire, Yorkshire, and Landrace, respectively. No animals were regarded as PSE on the basis of a principal component analysis (Proc Princomp) with the variables pH u , GP, drip loss, filter paper wetness, and internal reflectance, because no observations could be regarded as outliers.
where the elements are as in Model 1 and, in addition, b i = effect of the i th RN phenotype /breed ( i = 1,2,3) and d k = effect of k th day of slaughter ( k = 1,2,..., 22−34). However, because the Landrace pigs were slaughtered at other days than the Hampshire and Yorkshire animals, day of slaughter could not be included in the comparisons with Landrace. Instead, the fixed effect of slaughterhouse was included in the model (Model 3 ) for the analysis of the traits GP, residual glycogen, lactate, and pH u . y ijkl = m + b i + s j + h k + ( b s ) ij + e ijkl (Model 3 ) where the elements are as in Model 1 and, in addition, h k = effect of the k th slaughterhouse ( k = 1,2). The MIXED procedure was used when testing the differences between muscles. The model used for that test included the fixed effects of RN phenotype/breed and muscle, and interaction between these two fixed effects, and the random effect of animal within RN phenotype/breed (Model 4). A phenotypic classification of the Hampshire animals into noncarriers (rn + /rn + ) or carriers (RN − /−) was done by applying the threshold GP ≥ 183 mmol lactate equivalent per gram wet weight for the carriers. This threshold was obtained after a discriminant analysis (Proc Discrim) with a calibration dataset showing a pronounced bimodal distribution for GP, as described by Lundström et al. (1996) . This phenotypic classification did not allow any possibility to distinguish between homozygous (RN − /RN − ) and heterozygous carriers (RN − /rn + ) . The Proc Univariate (Shapiro-Wilk test routine) was used to check the normalcy of the distributions for GP.
Estimation of the RN − Allele Frequency
Estimation of RN − allele frequency was carried out by assuming that the Hardy-Weinberg law was valid (e.g., Falconer and Mackay, 1996) .
Results
Distributions of Glycolytic Potential and the Frequency of the RN − Allele
The distributions of GP in the three breeds studied are illustrated in Figure 1 ; they deviated from a normal distribution in all three breeds. The level and bimodal distribution of GP in Hampshire indicated that the RN − allele was present. The phenotypic classification of the Hampshire animals into RN phenotypes regarded 85.1% of the Hampshire animals as RN − carriers, giving an allele frequency of .614 for the dominant allele (RN − ) . The use of the same threshold for Landrace and Yorkshire gave possible RN − allele frequencies of .045 and .017, respectively, in those breeds.
The estimated allele frequencies were used to make a projection of expected frequencies of RN − carriers in crossbred animals, with Hampshire as terminal sires and Landrace × Yorkshire sows. The estimated allele frequency in the sire breed gives gamete frequencies of .614 for RN − and .386 for rn + , within the sires. If no contribution of the dominant allele (RN − ) from the dam lines is assumed, this will give a gamete frequency of 1 for the recessive allele in the dams. The frequency of RN − carriers in the crossbred progeny would in that case be 61.4%. If, however, we assume that the dominant allele may be present within the dam lines, a somewhat higher frequency of carriers can be expected (62.6%).
Carcass Composition
RN Phenotype/Breed. Carcass traits for Landrace and Yorkshire and the two RN phenotypes within Hampshire are shown in Table 2 . No differences were found between the two RN phenotypes in any of the carcass traits, except for carcass length; RN − carriers had a longer carcass than the noncarriers. However, both RN phenotypes within Hampshire were significantly shorter than Yorkshire and Landrace. The RN − carriers were leaner than Landrace and Yorkshire pigs, shown as higher estimated lean meat content, larger proportions of meat plus bone in ham and back, and larger proportions of whole ham and whole back, compared with Landrace and Yorkshire. Noncarriers of the RN − allele had thicker sidefat than Yorkshire, but those groups did not differ significantly in any of the other meat content traits. Compared with Landrace, noncarriers and Yorkshire pigs had leaner carcasses with a larger proportion of meat plus bone in ham and a smaller proportion of fat in ham, but Yorkshire and Landrace pigs did not differ in estimated lean tissue. Noncarriers, Landrace and Yorkshire, did not differ regarding the proportions of whole back, meat plus bone in back, or fat in back. The proportion between meat plus bone and fat within back did not differ among the four groups (results not shown), but, Landrace had the smallest proportion of meat plus bone in the ham. There was an interaction between sex and RN phenotype/breed for carcass weight, with higher carcass weights for the intact male pigs compared with females within the RN − carriers and Yorkshire. These two groups also had the highest carcass weights compared with noncarriers and Landrace (see Figure 2) .
The results from the dissection of individual muscles in Hampshire and Yorkshire are presented in Figure 2. Carcass weight in females and intact male pigs within noncarriers (rn + ) and carriers (RN − ) of the RN − allele, Yorkshire (Y), and Landrace (L). Bars lacking a common superscript letter differ (P < .05). Table 3 . The two RN phenotypes did not differ from Yorkshire in proportions of the dissected longissimus, BF, and GLU muscles, the sum of all dissected ham muscles, or the sum of glycolytic ham muscles. However, there were minor differences among the three groups when the proportions of individual ham muscles were compared. The two Hampshire phenotypes had the largest SMA and smallest ST, and Yorkshire had larger QF compared with RN − carriers.
Sexes. Differences between the sexes were found in many of the carcass traits (see Table 4 ). Female pigs had a shorter carcass, higher percentages of graded lean meat, and larger proportions (expressed as percentage of carcass weight) of whole ham, fat in ham, whole back, meat plus bone in back, and the dissected muscles, except ST and QF. The proportion of meat plus bone in ham, as an expression of whole ham, was larger for the intact male pigs. The sexes did not differ regarding the proportion of meat plus bone in ham or fat in back (expressed as proportion of carcass weight), nor did they differ in meat plus bone and fat proportion within back.
Technological Meat Quality
RN Phenotype/Breed. Glycolytic potential, residual glycogen, and lactate concentration for the two RN phenotypes, and Yorkshire and Landrace pigs are shown in Table 5 . According to the classification into RN phenotypes, RN − carriers had the highest GP values and the highest residual glycogen levels compared with noncarriers, Landrace, and Yorkshire. The noncarriers had higher GP and residual glycogen than Yorkshire and Landrace, and the latter two did not differ in GP. Yorkshire had the lowest residual glycogen level. Noncarriers and Landrace had significantly lower lactate content than RN − carriers and Yorkshire, which did not differ in that trait. A significant interaction between sex and RN phenotype/ breed was found for pH u in the longissimus muscle, due to a slight difference between sexes within Yorkshire, with higher pH values for the intact males compared with gilts. The sexes did not differ within the other groups (see Figure 3) . In an overall comparison between RN phenotypes/breed, ignoring this interaction, RN − carriers had the lowest pH values, and Yorkshire the highest, and the noncarriers and Landrace were in between.
The other technological quality traits in the longissimus muscle in the two RN phenotypes and Yorkshire internal reflectance (see Figures 4 and 5) . Both traits differed between muscles to the same extent within the two Hampshire phenotypes, and there were larger muscle differences within Yorkshire. The lowest internal reflectance values were found in the QF muscle within all three groups. When pH and internal reflectance were also compared between RN phenotype/breed within muscle, Yorkshire had higher pH values than the two RN phenotypes for all muscles except STD, in which Yorkshire and noncarriers had higher values than the RN − carriers. Yorkshire had the lowest internal reflectance values for all dissected muscles, and the two RN phenotypes did not differ in any of the muscles. When pH was included as a covariate in the statistical analyses, the differences between RN phenotype/breed disappeared for drip loss, filter paper wetness, cooking loss, and internal reflectance but remained for Napole yield.
Sexes. The sexes differed regarding some of the technological variables (see Table 7 ), with higher drip loss, filter paper wetness, internal reflectance, EEL-Y and EEL-550 reflectances and lower Napole yield in the intact males than in the females. There were no sex differences for shear force, cooking loss, GP, and residual glycogen or lactate concentration.
Discussion
The term glycolytic potential ( G P ) was introduced by Monin and Sellier (1985) and can be used as an estimate of the glycogen level in the muscle at slaughter. The laboratory method named Napole is used to estimate the yield of cured cooked muscle and was presented by Naveau et al. (1985) . The presence of the dominant RN − allele in a population is characterized by a bimodal distribution of these two traits (Naveau, 1986; Fernandez et al., 1992; Lundström et al., 1996) . Pigs can therefore be classified into carriers (RN − /−) or noncarriers (rn + /rn + ) of the Table 6 . Technological meat quality in the longissimus muscle (least squares means ± standard errors) in noncarriers and carriers of the RN − allele, and in Yorkshire, and P-value for the test of difference between RN phenotypes/breed a The scores range from 0 (dry filter paper) to 5 (saturated filter paper). b EEL-Y, EEL-550, and EEL-680 = measurements using an EEL reflectance spectrophotometer equipped with three respective filters: 400 to 700 nm, 550 nm, and 680 nm.
c,d,e Means within a row lacking a common superscript letter differ ( P < .05). RN − allele by use of the distributions and levels of GP and(or) the Napole yield. The RN − carriers have up to 70% more glycogen in glycolytic muscles, compared with noncarriers (Estrade et al., 1993) , and animals with high GP values produce meat with poorer technological yield, both with the Napole method and in industrial processing of ham (Fernandez et al., 1991 (Fernandez et al., , 1992 . Fernandez et al. (1992) studied the distribution of GP in French and Swedish Hampshire crosses and found bimodal distributions in both materials, indicating the presence of the RN − allele. The distribution for GP within the Hampshire breed in the present study also indicates a bimodal distribution. However, it was difficult to find an obvious threshold for grouping the animals into RN phenotypes, and we therefore used a threshold from another material with pronounced bimodality . A discriminant analysis was used to improve the classification into phenotypes instead of using a visually determined gap between the two bimodal peaks. A disadvantage with the discriminant analysis might be differences between the calibration and estimating dataset in the level of the trait used for classification. In the present study, we used the GP level for this purpose, and because GP reflects the muscle glycogen content at slaughter, it can be influenced by the preslaughter handling of the animals. It could be noted, however, that in crossbred pigs with Hampshire as terminal sire, which were used by Lundström et al. (1996) and Enfä lt et al. (1997) , the border between RN phenotypes was very similar, despite different feeding and preslaughter handling. The difficulty of finding a clear distinction between carriers and noncarriers in the purebred pigs might be due to the paucity of animals with low GP values. The presence of all three possible RN genotypes in the material might also contribute, because Figure 5 . The pH in different muscles within noncarriers (rn + ) and carriers (RN − ) of the RN − allele and Yorkshire. Bars lacking a common superscript letter differ (P < .05). LD = longissimus; SMA = semimembranosus et adductor; GLU = gluteus, BF = biceps femoris; STL and STD = semitendinosus, light and dark part, respectively; QF = quadriceps femoris.
results by Le Roy et al. (1995) showed that homozygous carriers (RN − /RN − ) had significantly higher GP values than had heterozygous carriers (RN − /rn + ) . More pronounced bimodalities were found in the crossbred materials cited above than in the purebred animals in the present study. Of the crossbred animals, all RN − carriers were heterozygous, but because we have no means to distinguish between homozygous and heterozygous RN − carriers, the phenotypic classification of purebred animals into carriers includes both these genotypes.
In France, selection lines have been used to produce offspring when the three genotypes are known. However, this is an expensive and time-consuming procedure with no possibility of making comparisons within litters. An easy classification of the animals would be preferable and would be possible if a gene marker were present. The RN locus is located at chromosome number 15, close to known markers (Mariani et al., 1996; Milan et al., 1996) , but the candidate gene has not been identified (L. Andersson, personal communication). To be able to make a classification using these markers, it is necessary to use familial material in conformity with the work with halothane testing and bloodtyping, which was used earlier to determine whether pigs carried the halothane gene. Because muscle samples are needed (biopsy or postmortem samples) for the present classification into RN phenotype, this is still a very tedious process.
The frequency of the RN − allele found in this study (.61) is almost identical to those found by Le Roy et al. (1990) in two French composite lines including Hampshire (.6). The selection in France has been directed against the dominant allele, and today no carriers can be found within those lines. Selection against the RN − allele will therefore stop at the end of 1996 (X. Fernandez, personal communication). The high allele frequencies found in France and Sweden might be explained by the higher meat content found in carriers of the RN − allele than in noncarriers (Enfä lt et al., 1997) . The selection for increased lean meat content has probably been followed by an increased frequency of the RN − allele. It should be noted that the allele frequency estimated in the present study is based on rather few animals and must therefore be regarded as a preliminary estimation. The frequency of a dominant allele in a purebred population is assumed to give an identical phenotypic frequency of carriers in crossbred material, if the allele is present in only one of the breeds used. From the results of the present study, a crossbred material would have approximately 61% RN − carriers, or somewhat higher (63%) if the RN − allele were also present in the dam lines. The crossbred pigs used by Lundström et al. (1996) and Enfä lt et al. (1997) consisted of 54 and 58% RN − carriers, respectively. In another group of crossbred pigs, with 250 offspring produced by using mixed semen from Swedish Hampshire boars, the proportion of RN − carriers was somewhat higher (70%; K. Andersson, unpublished data) .
Only a few animals within Swedish Landrace and Swedish Yorkshire had GP values on the same level as the RN − carriers within Hampshire. The overall levels of GP were also lower in these breeds than in Hampshire. Until a gene marker has been found for Table 7 . Technological meat quality in the longissimus muscle in female and male pigs (least squares means ± standard errors) and P-value for test of the difference between sexes a The scores range from 0 (dry filter paper) to 5 (saturated filter paper). b EEL-Y, EEL-550, and EEL-680 = measurements using an EEL reflectance spectrophotometer equipped with three respective filters: 400 to 700 nm, 550 nm, and 680 nm. Talmant et al. (1989) , who reported a normal distribution for GP within purebred French Large White. The similarity in GP levels in Swedish Landrace and Swedish Yorkshire found in our study was consistent with results published by , who compared Large White with Belgian Landrace, negative for the halothane gene. The higher estimated lean meat content in the two RN phenotypes within Hampshire compared with Yorkshire found in the present study agree with the results of Barton-Gade (1987) , who also found Hampshire to be leaner than Yorkshire. The similarity in carcass composition between the RN phenotypes in this study is in contrast with the pronounced effect of the RN − allele on carcass composition and muscle size found by Enfä lt et al. (1997) . Moreover, they found higher daily gain and lean meat content in RN − carriers and changes in the proportion of ham muscles due to the RN − allele, with an increase in the glycolytic muscles at the expense of QF. The lack of difference between the two RN phenotypes in the present study may have been due to the paucity of noncarriers and the mixture of homozygous and heterozygous carriers. Le Roy et al. (1995) compared all three RN − genotypes in crossbred animals and found a greater meat content and greater daily gain in heterozygous RN − carriers (RN − /rn + ) than in noncarriers but no difference between homozygous carriers and noncarriers. Thus heterozygous animals are probably the most favorable genotype concerning daily gain and meat content.
The higher graded meat percentage found in females vs intact males in the present study can be attributed to the larger proportion of meat in the back, because the thickness of the LD muscle is used to calculate the graded lean meat percentage. Because the sexes did not differ in proportion of meat plus bone in ham as a proportion of carcass weight, the larger proportions of the dissected ham muscles in gilts than in the intact males indicate a smaller proportion of bone in gilts. This was also found by Hansson et al. (1974) using total dissection of meat and bone. The greater leanness of females compared to intact males in the present study tallies with the results of Andersson et al. (1995) , whereas Barton-Gade (1987) found a higher graded lean meat percentage in intact males.
Technological quality traits are important in fresh meat, as well as in meat used for processing; meat with a high water-holding capacity and acceptable color is preferred. These traits are influenced by the pH; pH values close to the isoelectric point of the structural proteins will lead to less space between the myofilaments, causing lighter color and lower waterholding capacity of the meat (Offer et al., 1989) . These relationships could also be seen in the present study; the RN − carriers had the lowest ultimate pH, the lowest water-holding capacity, and highest internal reflectance values. Lower ultimate pH in crossbred RN − carriers than in noncarriers has been reported previously (Le Roy et al., 1995; Lundström et al., 1996; Enfä lt et al., 1997) , as has lower pH for Hampshire than for other breeds (Sayre et al., 1963; Monin and Sellier, 1985; Wassmuth and Glodek, 1992) . These breed differences seem to be attributed to the occurrence of the RN − allele within Hampshire. The lower ultimate pH in Swedish Landrace compared with Swedish Yorkshire found in the present study has been reported earlier (Johansson, 1987; Lundström et al., 1989) .
The lower water-holding capacity in RN − carriers than in noncarriers and Yorkshire found in this study tallies with earlier Swedish results Enfä lt et al., 1997) , whereas the higher internal reflectance values for RN − carriers compared with noncarriers reported earlier (Le Roy et al., 1995; Lundström et al., 1996; Enfä lt et al., 1997) could not be found in the present study, probably due to the paucity of noncarrier animals. However, the RN − carriers differed significantly from Yorkshire regarding internal reflectance, and this is consistent with earlier studies including Hampshire (Monin and Sellier, 1985; Barton-Gade, 1987) . When pH was used as covariate in the analyses of the other technological quality traits, the RN phenotype/breed differences disappeared for all traits except the Napole yield. These results agree with Lundström et al. (1996) and indicate that the lower water-holding capacity of fresh meat in RN − carriers is due to the effect of the RN − allele on ultimate pH. The differences found between RN phenotypes and breeds regarding Napole yield in the present and other studies (Monin and Sellier, 1985; Le Roy et al., 1995; Lundström et al., 1996; Enfä lt et al., 1997) is probably due to lower ultimate pH and lower protein content found in RN − carriers (Monin, 1989; Estrade et al., 1993; Enfä lt et al., 1997) . In the living muscle, glycogen and protein are assumed to bind the same amount of water, but during processing the protein content restricts the water-holding capacity. Meat with a higher glycogen and lower protein content will therefore lose more water during processing (Monin, 1989) . This would also explain why we only found a minor effect of the pH-correction on Napole yield. The large breed and RN phenotype difference in technological yield found with the Napole laboratory method will also be reflected in the yield during industrial processing of cured cooked ham (Fernandez et al., 1991) , causing large volume and economic losses for the industry. The difference in Napole yield found between sexes in the present study might also be due to differences in protein content; Barton-Gade (1987) found a lower protein content in intact males than in females.
The interaction found between muscle and RN phenotype/breed for pH and internal reflectance in the present study is in agreement with results published earlier (Enfä lt et al., 1997) . In that study, we found larger pH differences between muscles within noncarriers than in RN − carriers, but in the present study the largest differences between muscles were found within Yorkshire, and the patterns were rather similar within the two RN phenotypes. It is worth noting that the STD muscle had the highest pH value but also the highest internal reflectance values within all groups in both studies. also found a breed × muscle interaction for pH, but in their study the Hampshire breed differed from other breeds only in muscles regarded as more oxidative, but not in the LD and SMA muscles.
The difference in shear force values between the two RN phenotypes found in the present study agrees with results published by Lundström et al. (1996) . However, there was no difference in shear force values between Yorkshire and the two Hampshire phenotypes, which is in contrast to the results by BartonGade (1987) and Jensen et al. (1967) , who reported lower shear force values in Hampshire than in Yorkshire. Both RN phenotypes had lower EEL-550 values than Yorkshire, which indicated a darker color of the meat from Hampshire. One explanation could be the higher pigment content in Hampshire than in Yorkshire, as found by Monin and Sellier (1985) .
Implications
The reported effect of the RN − allele on carcass composition in crossbred pigs might explain the high allele frequency found in this study. In further breeding using the Hampshire breed, it is of importance to know the RN genotype of the animals. With no information about RN genotype, the allele frequency will probably increase, due to the connection with higher daily gain and lean meat content. This will be positive for producers, with more lean tissue produced, but because the meat from RN − carriers loses larger volumes during processing, the allele is detrimental for the industry, causing considerable economic losses.
